We have identified 91 Petschek-type exhausts associated with local, quasi-stationary magnetic reconnection in the solar wind in plasma and magnetic field data from the Ulysses spacecraft obtained over a wide range of heliocentric distances (1.4-5.4 AU ) and latitudes (S79 -N65 ). The characteristic signature of an exhaust was a brief (minutes) interval of accelerated or decelerated plasma flow within a bifurcated current sheet in which changes in magnetic field and flow velocity were correlated at one edge and anticorrelated at the other. Transitions from outside to inside the exhausts were always slow-mode-like, the exhausts appearing to an observer as encounters with closely spaced, forward-reverse, slow-mode wave (shock) pairs. The exhausts almost universally occurred in low-speed or interplanetary coronal mass ejection plasma having low proton (<1 and oftenT1) at relatively large shears (90 -180 ) in the heliospheric magnetic field. Magnetic field strength decreases within the exhausts were highly variable from event to event and were roughly correlated with the magnitude of the local magnetic shears; this indicates the presence of substantial guide fields in at least some of these events. Many of the exhausts occurred at current sheets separating plasma having distinctly different Alfvén speeds and were thus asymmetric. Local exhaust widths at Ulysses varied up to a maximum of $2 ; 10 6 km but statistically did not vary significantly with heliocentric distance. We offer several possible explanations of this observation.
INTRODUCTION
Magnetic reconnection is one of the fundamental processes controlling the evolution of laboratory, space, solar, and astrophysical plasmas (see, for example, Priest & Forbes [2000] and the collections of articles in Hones [1984] and Russell et al. [1990] ). It occurs at thin current sheets separating plasmas having ( preferentially) nearly oppositely directed magnetic fields. Reconnection is a process that converts magnetic energy to bulk flow energy, so that the acceleration of plasma away from the reconnection site in a pair of oppositely directed exhausts is perhaps the most characteristic signature of reconnection. Indeed, the relatively frequent observation of accelerated and /or decelerated plasma flows within Earth's magnetopause and near the current sheet in Earth's magnetotail historically has provided the strongest direct evidence for the reconnection process in space plasmas (e.g., Paschmann et al. 1979; Sonnerup et al. 1981; Gosling et al. 1982; Phan et al. 1996; Oieroset et al. 2000 Oieroset et al. , 2004 . Only recently have we realized how to identify the clear and unambiguous signature of local, quasi-stationary reconnection in the solar wind in the form of Petschek-type exhausts, i.e., exhausts bounded by Alfvén or slow-mode waves ( Petschek 1964; Levy et al. 1964) , emanating from reconnection sites (Gosling et al. 2005c (Gosling et al. , 2005b (Gosling et al. , 2005a Gosling 2005; Phan et al. 2006 ). The particular significance of measurements of reconnection exhausts in the solar wind is that they demonstrate the ubiquitous nature of reconnection in space plasmas and optimally reveal the physical nature and evolution of Petschek-type exhausts under conditions and scales not previously explored observationally. Figure 1 provides an idealized two-dimensional sketch of an antisunward-directed reconnection exhaust being carried past a spacecraft by the nearly radial solar wind flow. The kinks that form in the magnetic field, B, as field lines merge at a reconnection site propagate both parallel and antiparallel to the field into the unperturbed plasmas on either side of the original current sheet at the respective Alfvén speeds there. As the kinks propagate, they accelerate the plasma they intercept into the exhaust and away from the reconnection site. Thus, in Petschek-type exhausts the conversion from magnetic to bulk flow energy occurs primarily at the edges of the exhaust rather than at the reconnection site. Two current sheets (denoted as A1 and A2 in Fig. 1 ), which pass through the kinks on successive merged field lines, mark the edges of the exhaust. We refer to the two current sheet pairs resulting from reconnection as bifurcated current sheets, since the successive pairs of Alfvénic disturbances propagating along field lines away from the reconnection site in opposite directions split the original current sheet into two pairs of current sheets with the magnetic field in between each pair having intermediate orientations to that outside the exhaust. In general, one should observe an increase in bulk flow speed when a spacecraft encounters an antisunward-directed exhaust and a decrease in bulk flow speed when a spacecraft encounters a sunward-directed exhaust. (Since the solar wind flow is almost always highly super-Alfvénic, both exhausts are convected away from the Sun by the solar wind flow.)
As Alfvén disturbances propagating parallel (antiparallel) to B produce anticorrelated (correlated) variations in B and flow velocity, V, one should observe anticorrelated changes in Vand B at one edge of an exhaust and correlated changes in Vand B at the other edge. Indeed, such pairs of coupled changes in V and B are the characteristic signatures by which we identify reconnection exhausts in the solar wind. In a frame of reference moving with a merged field line, the plasmas flowing into an exhaust from opposite sides are field aligned at the local outside Alfvén speeds and are opposed to one another. In fluid models the opposed field-aligned flows (in a frame moving with a merged field line) within an exhaust cannot interpenetrate; the resulting increase in pressure at the contact surface between the two plasmas propagates back into the incoming flows from both sides as a pair of slow-mode waves or shocks. In a collisionless plasma like the solar wind, the incoming flows can interpenetrate along B, and the resulting plasma distributions within the exhaust initially consist of interpenetrating beams rather than simple thermaltype distributions (Gosling et al. 2005c ). In either case, the overall transitions from outside to inside an exhaust are expected to be slow-mode-like on both sides, being characterized by increases in plasma number density and temperature (second moment) and by decreases in magnetic field strength, as well as by changes in field orientation and changes in the magnitude of V of order the local Alfvén speed outside.
Using solar wind plasma and magnetic field data from the Advanced Composition Explorer (ACE ), we have recently reported observations of generic Petschek-type reconnection exhausts having the characteristics described above (Gosling et al. 2005c ). In particular, we have reported brief (minutes) intervals of accelerated or decelerated plasma flow within bifurcated current sheets in the solar wind where changes in V and B are correlated at one edge of the event and anticorrelated at the other. As would be expected (see above), these events are almost invariably also characterized by increases in proton density and temperature and by decreases in magnetic field strength. That is, the overall transitions from outside to inside the exhausts are slow-mode-like on both sides. Changes in solar wind alphaparticle flow velocity, number density, and temperature in these events generally mimic those of the protons. The events typically occur at relatively large shears in the magnetic field separating solar wind regions having relatively small, but distinctly different, plasma and magnetic field characteristics. However, at 1 AU the surrounding wind on both sides is almost always characterized by very low (<1) proton (see also Phan et al. 2006) . Interpenetrating ion beams, streaming relative to one another along B at speeds comparable to or exceeding the local Alfvén speeds, are commonly observed within the exhausts and are largely responsible for the higher ion temperatures and temperature anisotropies observed there. Those beams result from the acceleration of plasma into the exhausts at the opposite edges, as described above. Electron temperatures within the exhausts typically are intermediate between values observed outside the exhausts on opposite sides, an observation also consistent with plasma interpenetration within the exhausts and little, if any, electron dissipation there.
To date we have identified more than 50 such exhaust encounters, including both antisunward-directed and sunwarddirected events, in the ACE data in a 7 year interval. A large fraction ($2/3) of the ACE events occurred within or at the boundaries of interplanetary coronal mass ejections (ICMEs). Multispacecraft (ACE, Wind, Cluster) observations demonstrate that the reconnection process in these events was quasi-steady at extended reconnection lines, in one case exceeding 2.5 hr and 2:5 ; 10 6 km (Phan et al. 2006) . Observations of suprathermal electron distributions during an encounter with an exhaust at the heliospheric current sheet demonstrated that dropouts in the suprathermal electron strahl, which carries the electron heat flux away from the Sun, are at times signatures of magnetic disconnection from the Sun (Gosling et al. 2005b) , as has long been speculated (e.g., McComas et al. 1989) . Perhaps surprisingly, observations to date suggest that reconnection in the solar wind is not a significant source of suprathermal or energetic particles there (Gosling et al. 2005a) .
We have identified at least 91 generically similar accelerated / decelerated flow events within bifurcated current sheets in the Ulysses solar wind plasma and magnetic field data at heliocentric distances ranging from $1.4 to $5.4 AU and at heliographic latitudes extending from S79 to N65 . Our purpose here is present an initial overview of the Ulysses reconnection exhaust observations. We address questions of where these events occur and under what types of local conditions, and place special emphasis on their evolution in space and time.
INSTRUMENTATION
Ulysses was launched toward Jupiter on 1990 October 9 and, after a Jovian gravitational assist in 1992 February, was placed into an orbit that carried the spacecraft to heliographic latitudes of AE80 , i.e., nearly over the poles of the Sun. As of 2006 January, Ulysses has completed two polar orbits about the Sun, with aphelion of $5.4 AU and perihelion of $1.4 AU, and is well into its third polar orbit. Ulysses' first polar orbit occurred on the declining phase and near the minimum of the 11 year solar activity cycle, and its second orbit occurred on the rising phase and near solar activity maximum. The Ulysses payload includes an ion experiment that measures three-dimensional distributions over an energy/charge range extending from 0.257 to 35.0 keV per charge and an electron experiment that measures three-dimensional distributions over a nominal energy range from 0.81 to 862 eV ( Bame et al. 1992) . Ion moments are nominally obtained from 2 minute snapshots of the three-dimensional velocity distribution every $4 minutes in high data rate and every $8 minutes in low data rate. By interleaving adjacent 4(8) minute samples, we obtain higher energy and angle resolution; these interleaved data are time tagged between the 4(8) minute samples so that in plots of the data it often appears that the temporal resolution of the data is twice as good as it actually is. Ulysses also carries two magnetometers that provide high time resolution measurements of the magnetic field vector ( Balogh et al. 1992 ). Here we use both 1 s and 1 minute averages of the magnetic field data, as well as snapshots of the magnetic field at the cadence of the Ulysses ion measurements. . Here the +R direction is radial out from the Sun, the +T direction is in the direction of Earth's motion about the Sun, and the +N direction completes a right-handed system. The encounter was marked by a large (169 ) rotation in B, primarily as a change in B N , and a $42 km s À1 decrease in V N (i.e., a southward deflection of the flow). That southward deflection was also apparent in the alphaparticle component of the wind (not shown). Changes in V and B were correlated at the leading edge of the event and were anticorrelated at the trailing edge. As B N was positive before the event and negative afterward, those coupled changes in V and B indicate that the reconnection site was equatorward of Ulysses and that the bifurcated current sheet bounding the exhaust was associated with Alfvénic disturbances propagating primarily poleward along B through the solar wind on both sides, consistent with the observed flow deflection. This particular bifurcated current sheet and exhaust did not appear to be related to an ICME.
As shown in Figure 3 , the 2000 November 9 exhaust was also characterized by increases in proton density, proton temperature, and proton , by decreases in magnetic field strength and local Alfvén speed, and by an intermediate field orientation. The changes in plasma and field parameters from outside to inside the exhaust on both sides were thus slow-mode-like, as in the ACE events. We note that the magnitude of the change in V from outside to inside the exhaust (essentially the change in V N , $42 km s À1 ) was comparable to the external Alfvén speed (48 km s À1 ) on both sides and that the exhaust occurred within low proton (T1) plasmas having somewhat different proton temperatures and helium abundances on opposite sides.
The cadence of the Ulysses ion measurements was just barely sufficient to resolve the characteristic features of the 2000 November 9 exhaust. However, it was well resolved in the magnetic field data. Figure 4 provides an expanded view of the magnetic field variations associated with the exhaust encounter in l, m, n minimum variance (or principal) coordinates (e.g., Sonnerup & Scheible 1998 ) using the 1 s magnetic field data. The decrease in field strength associated with the event was both large and asymmetric, with a minimum field strength (ignoring the very brief fluctuations of a few seconds duration in B) of $0.91 nT being observed close to the leading edge of the exhaust. The fractional decrease in B at the minimum value of B was 0.60. The normal field component, B n , was generally small both inside and immediately outside the exhaust, as expected, but B l and B m were both nonzero and variable within the exhaust. The latter are the reasons why the field strength within the exhaust considerably exceeded that of B n alone (expected for a symmetric two-dimensional exhaust in a uniform field with no guide-field component) and why the spatial /temporal profile of field strength within the exhaust was asymmetric. Figure 4 demonstrates that the reversal in B occurred in two distinct steps, one at the leading edge of the exhaust and the other at the trailing edge, and that the field orientation within the exhaust, although variable, was intermediate to that observed on the opposite sides. The field shear from one side of the exhaust to the other was 169
; thus, the inferred guide component of the field (B m in Fig. 4 ) immediately outside the exhaust was relatively small (À0.3 nT). From the minimum variance analysis, we find that the normal for the exhaust as a whole was oriented largely in the radial direction, the direction cosines in R, T, N coordinates being (0.968, 0.173, 0.182). Using the observed solar wind speed of 365 km s À1 and the observed crossing time . Both magnetic field and plasma data are shown at the cadence of the plasma data. Vertical lines bracket a field reversal region and accelerated (in the ÀN direction) flow event associated with a reconnection exhaust. Fig. 3 .-Selected plasma and magnetic field data from Ulysses in the 00:00-03: 00 UT interval on 2000 November 9 shown at the cadence of the plasma data. From top to bottom the parameters plotted are the proton number density, the proton temperature, the N-component of the proton bulk velocity, the alphaparticle abundance relative to protons, the magnetic field strength, the proton (ratio of proton thermal pressure to the magnetic field pressure), and the local Alfvén speed. of 5.63 minutes, we find that the exhaust was 1:2 ; 10 5 km wide where Ulysses encountered it.
A cautionary note is in order here: in the principal coordinate system we obtained from a minimum variance analysis across the entire exhaust, only B l changed substantially at the leading edge of the 2000 November 9 exhaust, whereas both B l and B m changed substantially at the trailing edge. (Owing to the temporal cadence of the plasma measurements, the associated change in V m cannot be distinguished in the plasma data at the trailing edge of the exhaust; the change would have occurred largely in V T in Fig. 2. ) That, together with the fact that B m varied considerably inside the exhaust, indicates that the 2000 November 9 reconnection exhaust was not a simple two-dimensional structure as sampled by Ulysses and that a minimum variance analysis across the entire exhaust as described above is not entirely appropriate, presumably because the field-line kinks produced by reconnection propagated along magnetic field lines that were neither necessarily straight nor planar over large distances. We find that the three-dimensional nature of the exhaust precludes us from determining a unique exhaust field wedge angle at the reconnection site. In an attempt to determine the exhaust wedge angle at the 2000 November 9 reconnection site, we performed separate minimum variance analyses on the field rotations at the different edges of the exhaust. We thus obtained different principal coordinates for the two edges, both of which coordinates provided substantial changes only in B l at one edge, as would be expected for Alfvén or slow-mode transitions. Those analyses gave R, T, N normals of (0.970, À0.208, 0.126) and (0.968, 0.183, 0.174), respectively, for the leading and trailing edges, which would suggest that the current sheets were inclined relative to one another at an angle of 22N7. However, the intersection of those current sheet planes, which in an ideal two-dimensional exhaust would correspond to the reconnection X-line, actually was in the direction (À0.153, À0.121, 0.981) in R, T, N coordinates; that is, the intersection lay largely in the direction opposite to maximum flow deflection within the exhaust. We conclude that, because of the three-dimensional nature of the exhaust and variations in field orientation with distance from the reconnection site, we cannot accurately determine the exhaust wedge angle for this event. Furthermore, it is likely that the magnetic shear observed at Ulysses was not identical to that at the reconnection site.
Ulysses Exhaust Statistics
Brief intervals of accelerated or decelerated flow within field reversal regions in which the changes in V and B are correlated on one side and anticorrelated on the other, as in Figure 2 , are the characteristic signature by which we have identified reconnection exhausts in the Ulysses data. As in the 2000 November 9 event, we find that the exhausts were also characterized by slowmode transitions from outside to inside the exhausts on both sides and by changes in V comparable to the external Alfvén speeds. Ulysses encountered approximately equal numbers of antisunward-directed and sunward-directed reconnection exhausts during its mission. The exhausts occurred within bifurcated current sheets separating plasmas usually having small, but distinctly different, characteristics and, as demonstrated in Figure 5 , almost always having proton < 1, and often T1. to bottom the panels show the magnetic field strength and successively the l-, m-, n-components of the field determined from a minimum variance analysis across the entire exhaust, where n is along the current sheet normal, l is along the antiparallel magnetic field direction, and m completes a right-handed system. Solid vertical lines mark the boundaries of the exhaust, and dotted vertical lines indicate the extent of the region used for the minimum variance analysis. latitudes along the Ulysses orbit except during the $3 yr interval from 1993 July 23 through 1996 September 30 during the first polar orbit when Ulysses was largely embedded within the highspeed wind emanating from the polar coronal holes (e.g., Gosling et al. 1997; McComas et al. 1998 ). In general, we find that reconnection seldom, if ever, occurs in high-speed streams from coronal holes, probably because the proton tends to be >1 (e.g., McComas et al. 2000) and thin current sheets are rare there. Consequently, because of the above and because Ulysses spends a large fraction of the time at aphelion at relatively low latitudes and large heliocentric distances, a large fraction of Ulysses exhaust encounters occurred at distances >4 AU and at latitudes within 40 of the heliographic equator. The local magnetic field shear for the 2000 November 9 event was quite large (169 ); however, as illustrated in Figure 7 , the local field shear for all 91 events ranged from $91 to 176 . The average and median shears were 136 and 135 , respectively, and the most probable shear angle fell within the 130 -140
range. Clearly, local field shears across reconnection exhausts observed by Ulysses nearly always were considerably less than 180 , but seldom, if ever, were less than 90 . Figure 8 illustrates the relationship between local field-shear angle and the fractional decrease of field strength within an exhaust. Although B decreased inside all of the exhausts, the fractional decrease in B varied considerably from event to event (from 0.05 to 0.92 of the average fields immediately external to the exhausts) and was, in general, related to the local magnetic shear across an exhaust. The fractional decrease in B tended to be largest for those events with local field shears near 180 and smallest for those events with local field shears near 90 . This indicates that significant guide (nonantiparallel) fields were present in many of these events; however, the scatter evident in Figure 8 indicates that other factors also affected the fractional decrease of B within the exhausts. A separate analysis (not shown) revealed that the local field-shear angles and the fractional B decreases, as well as the external proton values, did not depend on heliocentric distance or latitude. For some events the spatial B profiles across the exhausts were relatively smooth and symmetric about the exhaust centers; in many others, as in the 2000 November 9 event, the spatial B profiles were clearly asymmetric and /or variable.
The strength of the heliospheric magnetic field generally decreases with heliocentric distance. As illustrated in Figure 9 , that overall decrease with distance was reflected in observed field strengths immediately external to the reconnection exhausts encountered by Ulysses. At distances beyond 4 AU, which generally refer to latitudes <40 , the external field strengths ranged from 0.13 to 4.7 nT, with a large fraction (2/3) of events having external field strengths on at least one side less than 1 nT. Many of the events occurred in fields with strengths considerably lower than average and median values of B at their respective distances. Clearly, reconnection can occur in the solar wind in the presence of quite weak magnetic fields.
Over the range of latitudes and heliocentric distances considered in this paper, the Alfvén speed generally decreases with heliocentric distance, r. (McComas et al. [2000] found that it decreased approximately as r À0.5 during Ulysses' first polar orbit.) That general decrease in Alfvén speed is evident in Figure 10 , which shows the variation of the Alfvén speed immediately external to the Ulysses reconnection exhausts as a function of heliocentric distance. The external Alfvén speeds varied considerably at all heliocentric distances, with the range of external Alfvén speeds being largest at the largest distances. Beyond 4 AU the external Alfvén speed was often <30 km s
À1
. As the magnitude of the change in V from outside to inside an exhaust was generally comparable to the external Alfvén speed, those changes at large distances were often of order 30 km s À1 or less. As already noted, solar wind regions on opposite sides of the reconnection exhausts observed by Ulysses typically had small, but distinctly different, plasma and field characteristics, as is the case for the events observed by ACE at 1 AU (e.g., Gosling et al. 2005c) . Figure 11 provides a scatter plot comparing Alfvén speeds measured immediately prior to exhaust encounters (V A1 ) with those measured immediately after (V A2 ). Much of the scatter evident in Figure 11 was associated with differences in proton density; differences in field strength from one side of an exhaust to the other, although occasionally substantial, typically were less pronounced than differences in Alfvén speed. As the field-line kinks that form the boundaries of a reconnection exhaust propagate into the unperturbed wind on opposite sides at the local Alfvén speeds there, the differences in Alfvén speed evident in The time that it takes for an exhaust to convect past Ulysses depends on the local solar wind velocity, the local cross-sectional width of the exhaust, and the orientation of the exhaust relative to the solar wind velocity vector. Because we have not yet performed minimum variance analyses on all the Ulysses exhausts to determine their orientations in space, we have chosen here to assume that all exhaust normals were oriented roughly parallel to the solar wind velocity and have calculated exhaust widths from measurements of the solar wind speed and the durations of the events at Ulysses using the 1 minute averaged magnetic field data. In effect, these calculations provide us with estimates of the maximum possible local widths of the exhausts. Figure 12 shows the exhaust widths calculated in the above manner plotted versus heliocentric distance. Owing to the cadence of the Ulysses plasma measurements, exhausts that took less than $4(8) minutes to convect past the spacecraft usually could not be distinguished when Ulysses was operating in high ( low) data transmission mode. (Occasional exceptions occurred when the timing of the Ulysses plasma measurement optimally coincided with the passage of an exhaust.) For a nominal solar wind speed of 400 km s À1 , 4 and 8 minutes correspond to maximum exhaust widths of 9:6 ; 10 4 and 1:9 ; 10 5 km, respectively, thus explaining the relative dearth of events with maximum widths P2 ; 10 5 km in Figure 12 . It seems likely that a number of narrow events existed, as in the ACE data; we simply have been unable to resolve them in the present data set. In contrast, we are reasonably confident that the apparent upper limit of $1:9 ; 10 6 km for exhaust widths in Figure 12 is real and is not related to any measurement or data examination limitations. The widest exhaust we have identified in the Ulysses data occurred on 2003 February 6 and required 72 minutes to pass the spacecraft. Had broader exhausts with the characteristic bounding pairs of correlated and anticorrelated changes in V and B been present in the data, we should have identified them ( however, see below). Finally, Figure 12 illustrates that local exhaust widths were variable at all heliocentric distances but also that there was no significant tendency for Ulysses to observe increasingly broader exhausts with increasing distance from the Sun.
SUMMARY AND DISCUSSION
Ulysses has observed a large number of Petschek-type reconnection exhausts in the solar wind at heliographic latitudes ranging from S79 to N65 and covering heliocentric distances from 1.4 to 5.4 AU. In this paper we have presented detailed observations of one of those exhausts and some statistical results for the rest. The exhausts almost universally occurred in low-speed or ICME plasma having low proton (<1 and oftenT1) at relatively large (>90 ) shears in the heliospheric magnetic field. Observed local magnetic shears across the exhausts ranged from 91 to 176 , with the average, median, and most probable shears being close to 135
. Although local magnetic shears are not necessarily the same as the shears at the reconnection sites, the observations do suggest that reconnection in the solar wind is not restricted to cases in which field lines are nearly antiparallel. Moreover, maximum fractional decreases in field strength within the exhausts ranged from 0.05 to 0.92, with the smaller fractional decreases generally occurring in exhausts associated with the smaller local field shears; this is concrete evidence for the presence of significant guide fields in many of these events. Plasma and field conditions immediately outside the exhausts on opposite sides typically differed somewhat from one another, indicating that the current sheets where reconnection occurred commonly separated plasma of distinctly different origins back at the Sun. Since differences in Alfvén speeds on opposite sides of an exhaust produce nonzero B l (maximum variance) values within, such differences are an additional reason why fractional decreases in field strength within the exhausts were often quite small.
The field decreases within the exhausts were often asymmetric about the exhaust centers, and the overall vector magnetic field profiles of the exhausts were often variable. This indicates that many of the exhausts had three-dimensional structure, either because the individual heliospheric magnetic field lines associated with the exhausts were neither straight nor even planar over large distances or because successive field lines convected into a reconnection site (actually a reconnection line) had somewhat different orientations (for example, each field line projected into the plane of the sketch in Figure 1 can have a different out-of-theplane component). At heliocentric distances >4 AU the exhausts were often found in plasmas with very weak magnetic fields (<1 nT) and very low Alfvén speeds (<30 km s À1 ). Consequently, the magnitudes of the changes in V associated with the reconnection exhausts at those distances, which generally were of the order of the external Alfvén speed(s), were often relatively small.
Because the cadence of the Ulysses plasma measurements is relatively low, it is difficult to distinguish reconnection exhausts in the Ulysses data having local widths less than $(1 2) ; 10 5 km, depending on the data transmission rate. However, narrower, unresolved (by the plasma instrument) exhausts almost certainly exist, and a full spectrum of local exhaust widths above those values have been observed up to a maximum of $1:9 ; 10 6 km ($1:3 ; 10 À2 AU ). Magnetohydrodynamic simulations of steady state reconnection in uniform magnetic fields in two dimensions (e.g., Yan et al. 1992 ) and the sketch drawn in Figure 1 suggest that reconnection exhausts should broaden at nearly constant rates with increasing distance from reconnection sites. Taking a representative external Alfvén speed of 40 km s À1 , a local exhaust width of 4 ; 10 5 km, a solar wind speed of 400 km s À1 , and assuming a constant exhaust wedge angle of 5 (dependent on the reconnection rate) and an exhaust oriented transverse to the solar wind flow, we find that the local plasma and field in a typical exhaust observed by Ulysses at 5 AU had propagated for $1:1 ; 10 5 s ($1.3 days) and at the time of observation was $4:6 ; 10 6 km (0.03 AU ) away from the reconnection site, which, in the interim, had been carried $4:5 ; 10 7 km ($0.3 AU) farther away from the Sun by the solar wind flow. Different assumptions about reconnection rates and exhaust orientations would, of course, lead to different estimates, but the above numbers are probably representative if reconnection, once initiated, continues unabated.
As exhausts have increasingly longer times to propagate away from reconnection sites as they are convected outward by the solar wind flow, it is perhaps surprising that, statistically speaking, we have found that exhaust widths are not significantly broader at large heliocentric distances than they are at (say) 1 AU and that the maximum local exhaust width we have identified was only $1:9 ; 10 6 km (1:3 ; 10 À2 AU ), which is small compared to the overall scale of the heliosphere. One possibility is that the exhausts die out or disperse after propagating for a day or so, owing to interaction with the ambient solar wind ahead. That interaction should produce compression at the leading edge of an exhaust (to the right in Fig. 1 ) and a transfer of momentum from the exhaust plasma to that of the surrounding solar wind. However, we have not yet been able to distinguish such effects, which might be relatively subtle, in the data, but which also might obliterate the characteristic signature by which we identify reconnection exhausts. Another possibility is that reconnection does not typically continue unabated for days at a time but rather ceases after merging the flux from finite-sized regions on either side of a reconnection site, possibly because of significant changes in field orientations with increasing distance away from the reconnection site. In this case, the larger local exhaust widths might correspond roughly to the original widths of the regions of magnetic flux that were reconnected. In this regard, we note that we have no way of knowing from the present observations whether reconnection was ongoing at the time an exhaust was encountered by Ulysses or of knowing how long reconnection persisted at the associated reconnection site, although we can be sure that reconnection occurred on field lines threading an exhaust some time in the past. However, we do know from multispacecraft measurements at 1 AU that reconnection in the solar wind can be quasi-stationary on timescales up to at least a couple of hours (Phan et al. 2006 ).
Finally, we have noted that the overall transitions from outside to inside reconnection exhausts in the solar wind are always slow-mode-like on both sides. In effect, an encounter with a reconnection exhaust in the solar wind is an encounter with a closely spaced forward-reverse, slow-mode wave pair somewhat akin to the much more widely separated forward-reverse, fast-mode wave pairs bounding stream interaction regions in the solar wind (e.g., Gosling & Pizzo 1999) . In the case of reconnection exhausts, as in the case of stream interactions, the waves may or may not be shocks (e.g., Gosling 2005) . Other than in our own recent work, we are aware of only one previous report of a forwardreverse slow-mode wave (shock) pair in the solar wind (Ho et al. 1998) . In that event, observed by Ulysses on 1992 April 4, the forward and reverse shocks were separated by a bit more than 4 hr. The authors did not relate the shock pair directly to an effect of reconnection, although Horbury & Tsurutani (2001) later mentioned that as a possibility. We have examined the 1992 April 4 event(s) closely. We find that the total event was complex and that the changes in V and B at the purported slow shocks were not clearly correlated with one another at one shock and anticorrelated at the other. Thus, this event has not been included as one of the events in our study. Were it to be included, its local width would far exceed that of the other events included.
In conclusion, and in contrast to previous studies, we find that forward-reverse slow-mode wave/shock pairs are relatively common in the solar wind since they were present in all (>140) of the reconnection exhausts we have identified in the ACE and Ulysses data. We suggest that these slow-mode wave pairs have not previously been recognized as such because minutes, rather than hours or days, typically separate the forward and reverse waves from one another. Apparently for largely this same reason, reconnection exhausts were not uniquely identified as such in the solar wind until recently. 
